Culture and fruit quality of rambutan (Nephelium lappaceum L.) in the Soconusco region, Chiapas, Mexico.
Introduction
The rambutan (Nephelium lappaceum L.), which belongs to the family of the Sapindaceae, is an exotic fruit tree native to the Malaysian-Indonesian region [1] . It prefers areas with high humidity and low evaporation rates. Although the fruit is not well known in Middle America and Mexico, the tree has great potential for establishment and development in this zone because of the good agro-ecological conditions for its cultivation.
The highly appreciated fruit is quoted at attractive prices on the national and international markets. Nevertheless, the Soconusco region growers are still hesitating to produce and commercialise this fruit, first in Mexico and later on the international market. The main problems for commercialising are the irregular fruit quality, the lack of information about sustainable cultivation practice and international market standards [2] , the lack of post-harvest treatments, the implementation of international sanitary standards and the presence of big competitors in Southeast Asia. Consequently, in our study, we analysed the rambutan cultivation context in the Soconusco region, then we compared the fruit quality from fruit harvested in different cultivated areas, and we attempted to identify the number of currently grown varieties.
Rambutan in Mexico and Soconusco region
The rambutan has a short history in Latin America, being introduced into Mexico last century, somewhere in the fifties or sixties. Currently, there are approximately 200 ha of rambutan plantations in the Soconusco region (Mexico), with a good adaptation and a rewarding yield [3, 4] .
Three different stories describe the introduction of the rambutan into Mexico. Pérez and Pohlan [4] reported that the rambutan was introduced into Mexico in the fifties. Gutiérrez (pers. commun.) emphasises that the first rambutan plants were brought to Mexico by Patiño in 1968. On the other hand, Quilantán (pers. commun.) maintains that the cultivation of rambutan was introduced into Mexico in 1976 via the port of Veracruz al Palmar, which is an experimental quarantine field. After that, it was displaced to the experimental field Rosario Izapa (INIFAP), situated in Tapachula (Chiapas state), where the plantation was established with seedling material. These seeds were selected on the most productive trees of the collection that were introduced in the seventies from Malaysia. Due to sexual propagation, the trees represent a great genetic heterogeneity. Rambutan is a dioecious crop (about 50% of all plants are male). Pronounced phenotypic differences are to be found among plants, this being expressed among other ways by a prolonged bloom of the plantation and a high variability in the colouring of the ripe fruits (red, yellow and green). The INIFAP will develop a second plantation in the upcoming years, yet with grafted material. In this case, a genetic uniformity of the plantation will be reached, with smaller trees, and the presence of non-productive trees (males) will be excluded [2] . Also, in the field Rosario Izapa, the original Malaysian material disappeared, so that only Quilantán still has three producing trees from the original material.
For almost 20 years, the demonstration garden of rambutan in the experimental Rosario Izapa field was a rather decorative garden. Investigations were minimal, as the technicians of this field concentrated on the other crops that were developing at that moment, while the rambutan garden was left unattended. A day labourer of this agricultural field discovered the exquisite flavour of the fruit and found seedlings under the trees. He decided to grow rambutan in the patio of his house. In this manner, he propagated and expanded the rambutan to nearly all the geography of the municipalities of Tuxtla Chico and Cacahoatán, as those municipalities were the place of residence of the agricultural day labourers.
In 1999, rambutan cultivation was still limited in Chiapas state. Hardly 1000 trees reached production in backyard orchards, and 50 ha existed in commercial orchards [4] . Currently, no commercial plantations exist in Veracruz. In 1999, there were trees, originating from Chiapas state, planted in Tabasco, Oaxaca, Guerrero and Campeche, but all on a small scale [5] .
Today, the most famous rambutan area in Chiapas state and Mexico is Cacahoatán, which is situated at lat. 14° 59' N and long. 92° 10' W, at an altitude of about 480 m asl [6] . In this area, rambutan has been disseminated from family orchards and different commercial orchards. The San Alberto farm, near Cacahoatán, is found at an altitude of 600 m asl and was primarily dedicated to robusta coffee (Coffea canephora). Today, this farm, with a total area of 42 ha, is demonstrating the transformation of coffee areas by rambutan mixed with robusta coffee. In the beginning, rambutan trees were used as shade trees for the coffee. This project was started in 1990, as the coffee prices were decreasing and the producers looked for new sources of income. According to an owner of 22 trees of 12 years of age, there are eight varieties in his orchard. In 2001, he got a total yield of 2 500 kg. A grower neighbour has about 100 trees, which gave a rambutan production of about 4 500 kg. He is experimenting with different grafts and is searching for the tree with "ideal fruits", which have to be orange-red, weigh (50 to 55) g and have a sugar content of 25° Brix. The farm Santa Rita has 70 trees of which 45 are in production. The trees are 6-7 years old and each tree is said to produce 100 kg a year. One of the rambutan growers has three rambutan trees directly introduced from Asia. They were 7-8 years old, propagated by bud grafting and each produce about 100 kg a year [7] . This owner is probably the only one in the Soconusco region with original material.
The municipality of Metapa de Domínguez (lat. 14°50' N, long. 92°11' W and average alt. 100 m asl [6] ) harbours the farm "El Herradero", which covers more than 30 ha, of which 7 ha are used for the cultivation of rambutan. This area is divided into three lots. Before rambutan was cultivated, the land was cropped with annual crops such as sorghum. One hundred rambutan trees were first planted in 1997, then another 200 trees were planted in 1998 and 300 more in 1999. On this date, the first rambutan fruits were harvested (500 kg). In 2000, the harvest was already 3 500 kg, and another 300 trees were planted, then 400 more trees in 2001. At this time, the farm harvested a total yield of 8 500 kg. In 2002, 50 new trees were planted and the productivity was estimated at a total of 21 000 kg, which means 3 t·ha -1 . In those six years, 1 350 trees were planted on 7 ha, which means a density of approximately 200 trees per ha. About 12 trees were replaced, because they did not bear fruits.
In a Huehuetán station (lat. 15°01' N, 92°23' W, alt. 50 m asl [6] ), there is "Chinita", another significant rambutan farm with a total area of 12 ha, of which 10 ha are for the cultivation of rambutan. On this area, 3 000 rambutan trees were planted between 1997 and 2001 at a density of 300 trees·ha -1 . In 2001, the total production was 3 t·ha -1 . In 2002, the production had already increased to a very satisfactory 7 t·ha -1
. Before rambutan was planted, this farm was cropped with plantains (Musa sp.). In the first 3 years of rambutan growth, the area was intercropped with plantain to get more profit out of the land. As the rambutan trees are bigger now, all banana plants will be removed. Nonproductive rambutan trees are marked and will be removed if they do not give a satisfying yield over 2 years (R. Ho, pers. commun.)
Rambutan cultivation practices
The growing methods for rambutan cropping have not been well studied under local conditions; however, the selection of certificated vegetative propagated planting material, irrigation facilities, the correct pruning method and adequate harvest and post-harvest activities will determine the success of a rambutan orchard.
It is well known that vegetative propagation is the only way to guarantee that all trees will be productive, that the fruit quality will be maintained and that the fruit set will come fast [1, 8] . Bud grafting is the most adequate propagation method for rambutan. Nevertheless, in Mexico, rambutan cultivars are not yet propagated vegetatively. Therefore, investigation focuses on determining the quality of the fruit and the trees that are already in production, and identifying trees with the quality standards of the international market. Vegetative propagation will be done in this way to assure commercialisation in export markets [4] . All material which is propagated today in Mexico came from national
nurseries without quality certification. This situation needs to change urgently. It is necessary to select the best rootstocks and to investigate the compatibility between the rootstock and the grafting materials. Consequently, the genetic variability in the Mexican orchards is high, and many producing trees bear fruit of inferior quality. On the other hand, the demand for quality plants is high.
In the Soconusco region, rainfall is generally adequate for rambutan cultivation, but occasionally, short dry periods exist during the blossom and fruit development phases. This situation, therefore, requires some form of irrigation. The owners of the orchards analysed recognise this and irrigate the trees by mobile water tank (in Metapa), temporary inundation (in Huehuetán) or mobile sprinklers (in Cacahoatán). Some projects for sprinkler irrigation will be started. This is essential for the production of large fruits, which are the basis for profitable commercialisation.
The planting system, tree habits and pruning activities normally form an integrated system in rambutan orchards. In the Soconusco, all these draw on empiric knowledge and personal experience. Those are the reasons for the heterogeneity of the orchards and the great difference in management practices. In Metapa, all branches lower than 20 cm from the ground are pruned. Fruited panicles are cut away after harvest to encourage growth of vigorous and fruit-bearing branches for the next harvest. In Huehuetán, growers use top pruning. Broken or diseased branches as well as off-season fruited bunches are removed. All low-hanging branches are cut away up to 50 cm from the ground. In Cacahoatán, farmers cut the bunch away during harvest. If this is not done, no new leaves or fruiting branches will grow. After harvest, trees are normally pruned to form an opencentred canopy.
Harvesting criteria, such as maturity indices, colour and fruit size, were used. The harvesting and post-harvesting techniques are problematic. Some farmers do not accept the need for harvesting schedules, selective harvest and fruit picking by shears. Only in Huehuetán, and in a few orchards in Cacahoatán, do they use string shears with long poles.
Post-harvest operation and commercialisation
Immediately after harvesting, fruits are rapidly transported to the packing shed. The harvested fruits are normally stored not longer than one day, and this under shaded conditions and ambient temperature, in plastic or wooden boxes of (20 to 30) kg. The fruits are not treated with water, but unripe and spoilt fruits are usually removed. Cool stores are not used. Every farmer realises his personal grading strategy. The low daily volumes of fruits for most orchards do not facilitate fruit sorting, based on fruit size and coloration. Only in the San Alberto farm are fruits sorted visually into three classes: excellent (exportation), very good (Mexico City) and good (local market). At this farm, the fruit size is also visually determined: more and less than 30 g, and the fruits must be uniform.
Depending on the market requirements, fruits are packed in plastic or wooden boxes, in cardboard boxes or in plastic punnets. Mexican rambutans were exported to Japan in 2000 for the first time. The current import requirements for Japan are cardboard boxes with 7 lbs (3.18 kg) and clamshell PVC boxes with nine fruits. To Canada and the USA, fruits are selected individually and packed in small cardboard boxes containing (2 or 5) kg of fruits, protected by Chinese paper. In 2003, 14 t were exported to Japan, 2 000 kg to Canada and 3 000 kg to the USA. The average price is 5.00 US$ per kg FOB. One farm sells, on the spot, its fruits at 1.05 US$·kg -1 . The dealers sell the same fruits in Guatemala at three times this price. All transport is arranged by these purchasers. In 2002, a Metapa orchard commercialised 21 t to Guatemala, packed in plastic boxes of 22 kg, and sold it at an average price of 1 US$·kg -1 . At the present time, cooling or treatment of the fruits by fungicide application or dips are not realised. Fruits for export to Mexico City were transported by aeroplane. The farm San Alberto sold in 2003 more than 100 t of fresh rambutans to Mexico City at an average price of 2.70 US$·kg -1 FOB. The fruits are packed in wooden boxes and protected completely by Chinese paper. It is obvious that, in the future, the different orchards need one common marketing strategy. This includes propagation of market preferred varieties, control of harvesting criteria and, finally, appropriate self-commercialisation. One important step in this direction was the constitution of the association Asociación de productores y exportadores de Rambután y frutas no-tradicionales y exóti-cas del Soconusco at the end of 2003.
As long as the fruit attains the quality standards for its agreeable and refreshing taste, ample possibilities exist that this fruit will be exported from Mexico to places such as the United States of America, Canada, Japan and Europe. The west coast of the United States, at a distance of only 6 h by air, is a potentially feasible export market. In September 2003, the Department of Agriculture of the United States dissolved the quarantine restrictions for Mexican rambutan and admitted that the fruit is not a carrier of the eggs of the Mediterranean fruit fly (Ceratitis capitata) and other fruit flies (Anastrepha spp.). Currently, the UNACH (Universidad Autónoma de Chiapas), through the Faculty of Agricultural Sciences situated in Huehuetán, Chiapas, is investigating the appropriate choice of commercial cultivars that reach the quality standards of the international market. Moreover, the presence of big competitors in Southeast Asia contributes to the risk. To avoid direct competition with the large producers in Southeast Asia and their low market prices, rambutan production in Mexico needs to be harvested in the months of November to January, which can be achieved with the use of selected cultivars and by improving the agronomic aspects.
Materials and methods
for studying rambutan quality
Areas studied in the Soconusco region
Our studies were conducted in the most significant areas of rambutan cultivation, which are located in the Soconusco region ( figure 1) . The Soconusco region is situated in the Southeast of the Chiapas state at lat. 14°10'-15° 20' N and long. 92° 10'-93° 10' W. Altitude is 0 m at the coast up to more than 2 000 m in the Vertiente de la Sierra. This region has varied topographies, which define the climatologic conditions in eight principal sub-regions (table I) and determine a high diversity of agro-ecosystems [9, 10] . The studied sites were located in four of these sub-regions: Among the four sites sampled, a clear division exists between the rainy season and the dry season ( figure 2) . The rainy season is bimodal. Nearly all zones in the region are characterised by high annual precipitation. The
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origin of the rains is influenced by the topography: the cold fronts descend from the Pacific Ocean and strike la Sierra Madre, which is like a south mountain barrier in Chiapas state. The average annual precipitations (table I) vary between (1 334 and 3 914) mm·year -1 in Planicie and Ladera Medias, respectively.
The average values of the relative humidity in the zone oscillate between (69 and 79)% (monthly average) during the dry period and (78 up to 84)% during the rainy season. The average monthly temperature shows only slight variation during the year (Cacahoatán 23.9°C, Huehuetán 28°C) with (1.5 to 2)°C between the maximum (in April) and the minimum (in January) temperatures. Those temperatures are ideal for the growth of rambutan. 
Sampling and parameters studied
A series of tree measurements and fruit samples was conducted in different rambutangrowing areas of the Soconusco region (table III) . In all of the 14 farms sampled, a minimum of ten trees was selected for each treatment. The trees were chosen in such a manner as to have samples of different ages and varieties. From each tree, ten fruits were taken to study fruit internal and external parameters (table IV) .
The program SPSS, version 10.0, was used for most statistical methods. In the cluster analysis, Ward's method was used so as to join cases into clusters so that the withincluster variance was minimised.
Results

Fruit characterisation and fruit quality
The fruit quality was dissimilar for the four study areas. The ecosystem and growing management had an important influence on fruit size. Tree size and fruit size are clearly correlated as larger trees gave bigger fruits. Among the different fruit samples collected, it appeared that the environment and cultivation management played an important role in fruit size (table V).
The frequency distributions of weight and diameter of fruit and aril (figures 3, 4)
show that Metapa and Huehuetán locations had a much wider variation available among the fruit samples. Fruit characteristics were more homogeneous in Tuxtla Chico, and particularly in Cacahoatán. All measured criteria show the best values for the Huehuetán fruits. Probably, there exists a good interaction in this location between soil fertility, climate, selected varieties and orchard management. The farm in Metapa presents a more open planting system than in the other places. This improves the ventilation, reduces the appearance of fungi and insect infections and produces more attractive spinterns on the fruits. The fruit colour most liked by the international market is bright red. In Metapa and Huehuetán station, as well as in Cacahoatán, a good number of fruits was of an attractive red colour. Nevertheless, a large number was 
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still orange or orange-red. It could be seen that the entire fruit was either red, or red with a yellow part, where it touched another fruit, so that the sun could not reach this part of the fruit. The international quality standard demands less than 33 fruits per kg [11] . The farm Chinita in Huehuetán station met this requirement for 57% of its fruits. The orchards in Metapa, Cacahoatán and Tuxtla Chico gave a poor result with less than 20% of the fruits Table IV . Internal and external fruit parameters analysed to identify varieties of rambutan in the Soconusco region, Chiapas state, Mexico.
Internal fruit parameters
External fruit parameters Aril diameter (mm), length (mm) and weight (g) Fruit diameter (mm), length (mm) and weight (number of fruits per kg)
Flavour: the same person tasted 2 fruits out of 10 for each tree sampled with the sweet (1), sweet-sour (2), sour-sweet (3) and sour (4)
Fruit rind colour was classified into yellow (1), yellow-orange (2), orange (3), orange-red (4) and red (5) Observation of flesh adherence from the seed while eating the fruits regarding the ease of separation: easy (1), easymedium (2), medium (3), medium-difficult (4) and difficult (5) Fruits were classified into 7 groups (0 to 6) for spintern colour and dehydration grade: group 0 contains fruits with fresh, firm spinterns without any form of dehydration; group 6 contains fruits with totally dehydrated and black spinterns Succulence: fruits were classified into juicy (1), juicymedium (2), medium (3), medium-dry (4) and dry (5) Presence or absence of fungi
Observation of damage to the flesh caused by insects or rot Observation of presence or absence of insects -Presence of undeveloped fruits with more than 30 g each (table V). The internal fruit parameters followed the same characteristics as the external ones. The aril diameter and length and the aril weight were higher than in the other sample sites ( figure 4) . The flavour was sweeter at Metapa and sourer (sweet-sour) at the other places, but this fresh sweet-sour taste is desired. Fruits in Metapa were sweet but often had an offflavour. Fruits from Huehuetán station and Cacahoatán were juicier than those at Metapa and Tuxtla Chico.
Firm adherence of the pulp to the seed is an undesirable characteristic. For this parameter, fruits from Tuxtla Chico presented the best score, with the flesh quite easily separating from the seed. Metapa had the pulp most strongly attached to the seed. Flavour and succulence were negatively correlated (r = -0.299), as seen for all trees. This means that sweet fruits were the driest and sour fruits the juiciest. The correlation between flavour and succulence at the four places separately is not significant. This perhaps indicates a high genetic diversity of the rambutan trees and fruits in the region. Very few rambutan fruits presented a partly rotten aril. This damage was caused by careless harvesting or handling of the fruits. Infection occurred mostly via an opening in the rind.
Varietal effects
The Huehuetán station is the only site where the different varieties were known. So far, three distinct groups (races) could be identified: red round, orange round and orange large.
For some of the traits, the importance of the location effect was limited, as for colour, fruit diameter or aril to fruit weight ( figure 5 ). This means that, for some traits, inherent varietal differences are reflected in tree-totree differences which outperform differences between locations. The diversity of varieties planted in the different sites was determined by cluster analysis. Ward's method was used for hierarchical cluster analysis, the dissimilarity measure is the squared Euclidean distance and the variables were standardised. A first, hierarchical cluster analysis of all 139 trees sampled made it possible to divide the trees into six main groups (table VI).
When clustering the fruit samples independent of their site of origin, at least six welldefined cluster classes could be identified using the strongly clustering algorithm of Ward on four market-related traits (table VI, figure 6 ). A possible market assortment of the six varietal groups can be proposed, using fruit weight as a main criterion and both colour and spinterns as sub-categories (table VII). 1 Fruits were classified into 7 groups (0 to 6) for spintern colour and dehydration grade: group 0 contains fruits with fresh, firm spinterns without any form of dehydration; group 6 contains fruits with totally dehydrated and black spinterns. 
Conclusion
(i) There is an urgent need for further varietal differentiation and characterisation of rambutan in the Soconusco region. Apart from fruit weight, spintern and colour appearances as well as fruit diameter or aril to fruit weight are good indicators.
(ii) It is difficult to conclude from the cluster analyses how many varieties, in total, are planted in the Soconusco. Even so, the cluster analyses show that there is a wide range of overlapping varieties to be found in the Soconusco region. Those varieties are in many cases of inferior quality, as the rambutan was multiplied by seed in the first years it was grown in Mexico. (iii) Six major varietal groups (races) were identified. 1 Fruits were classified into 7 groups (0 to 6) for spintern colour and dehydration grade: group 0 contains fruits with fresh, firm spinterns without any form of dehydration; group 6 contains fruits with totally dehydrated and black spinterns. 2 Fruit rind colour was classified into yellow (1), yellow-orange (2), orange (3), orange-red (4) and red (5).
Figure 6.
Scatter plot of 139 trees along six cluster groups of homogeneous rambutan fruit samples based on two important market traits: spinterns and fruit weight. For spintern characterisation, fruits were classified into 7 groups (0 to 6) for spintern colour and dehydration grade: group 0 contains fruits with fresh, firm spinterns without any form of dehydration; group 6 contains fruits with totally dehydrated and black spinterns (the Soconusco region, Mexico).
